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ABSTRACT 

Internal corrosion of carbon steel pipes exposed to acidic geothermal fluids is a major problem in the geothermal industry that may 

be controlled through the use of suitable corrosion resistant materials and barriers. In this paper, the abilities of three (3) types of 

metal alloys (i.e. K55, A53 Gr. B and SS316) and seven (7) types of protective coatings (Brands A - G) to resist corrosion in low-

pH geothermal brine (pH25C < 4.0) were assessed using different analytical techniques in the laboratory. The sample coatings and 

alloys were subjected to immersion tests in low-pH geothermal brine at various temperatures and pressures (i.e. Rm. T-atm P, 70 

°C-atm P and HT-HP) to simulate different operating conditions. Data on surface quality, corrosion rates and failure/corrosion 

mechanism of the test specimens after exposure were obtained using Electrochemical Impedance Spectroscopy (EIS) and 

Potentiodynamic Polarization Scans (PPS). Thermogravimetric Analysis (TGA) and X-ray Photoelectron Spectroscopy (XPS) were 

also utilized to characterize the resulting precipitates, while Scanning Electron Microscopy (SEM) was used to determine surface 

morphology.  Results showed that EIS, PPS, XPS and SEM are good tools to use as standard analytical techniques for evaluation of 

coating and metal samples in the laboratory prior to field application. 

Corrosion rates for the metal alloy specimens increased with temperature. SS316 alloy generated the highest corrosion rate after 5 

hour immersion in low-pH brine both at Rm. T and at 250oC. Precipitates found in solution and adherent to alloy surface were 

mostly composed of O, Si, Cl, C and trace amounts of metals. These appeared to provide inhibition in A53 Gr. B and K55 alloys 

but not in SS316 metal. PPS revealed that corrosion inhibition in A53 Gr. B and K55 alloys is controlled by the anodic reaction 

where iron component of metal is dissolved in the test media. 

All types of coatings that were tested exhibited protective properties in acidic environment that showed decreasing trend with 

temperature. At higher temperatures, protection efficiencies of the coatings declined by ~20 – 50% while measured corrosion rates 

and visible coating defects (i.e. wrinkling and pinholing) increased. Utilization of these coatings may also induce deposition of 

precipitates composed of silica, oxides and inorganic salts inside the pipes.  

1. INTRODUCTION 

Geothermal fluids contain dissolved gases and solids whose thermodynamic behavior during utilization causes problems such as 

corrosion. The National Association for Corrosion Engineers’ (NACE’s) Corrosion Basics book defines corrosion as the destruction 

of a substance (usually a metal) or its properties because of a reaction with its environment. Methods employed to control corrosion 

include alteration of the environment, utilization of corrosion resistant materials, cathodic protection, and use of barriers and 

overdesign (Munger, et. al, 1999). The pros and cons of these techniques are summarized in Table 1. In this paper, focus was 

directed to corrosion resistant materials in the form of metal alloys and barriers in the form of protective coatings. 

Table 1. Comparison of Corrosion Control Method (Munger, et. al, 1999) 

 

Protective coating refers to any liquid, liquefiable or mastic composition that is applied to a surface to protect a substrate from 

corrosion. Coatings provide protection by one or a combination of three (3) basic mechanisms: barrier, inhibitive or sacrificial. In 

the geothermal industry, functions of coatings are often times compromised by the dynamic nature and non-uniform chemistry of 

the geothermal fluids and the harsh operating conditions (i.e. high temperature, high pressure, etc…) of the system. The 

development of geothermal coating technology is impeded by the small size of the industry but testing in a variety of actual and 
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simulated geothermal conditions can speed-up the process through elimination of inadequate techniques and materials causing 

accelerated failure. The use of corrosion-resistant coatings will be cost-effective if developed because many of the present materials 

being considered for the corrosive parts of the geothermal system are expensive (Reeber, 1980). 

Metal corrosion is the chemical degradation of metal by its environment. Under particular circumstances of its exposure, metal can 

be corroded and form either destructive products or have a beneficial effect. Corrosion of metal is influenced by factors that are 

inherent to the metal alloy (metallurgical, i.e. chemical stability, surface condition, etc…) and by the operating parameters of the 

industry (environmental, i.e. media solution pH, temperature, pressure, etc…). Optimizing the impacts of metallurgical and 

environmental factors can control metal corrosion. In the geothermal industry, metal corrosion is a recurring problem because 

geothermal fluids contain several chemical species (i.e. O, H+, Cl-, H2S, CO2 species, NH3, SO4
2-) that are corrosive to most metals 

when handled at rigorous conditions (i.e. high temperature, high pressure, fast flow rates, etc…). Proper material selection can help 

minimize the rate of metal corrosion in the geothermal environment. The material selection process incorporates unique 

considerations such as the dynamic nature of the geothermal fluids, demanding operating conditions of the geothermal industry and 

metallurgical properties of the chosen alloys.  

In this paper, the performances of various types of protective coatings and metal alloys in mitigating corrosion in low-pH 

geothermal brine (pH < 4.5) were evaluated. Different laboratory analyses were performed to measure the corrosion rates and 

assess the surface quality of the base metal after exposure. The objective was to demonstrate the appropriateness of the laboratory 

techniques employed in identifying the metal alloys and protective coatings that can potentially be used in immersion conditions 

with acidic geothermal brine. 

2. METHODOLOGY 

The experiments in this study were conducted in two stages. The first stage focused on the evaluation of protective coatings while 

the second stage directed assessments on metal alloys. 

2.1 Sample Preparation and Immersion Test Conditions 

2.1.1 Protective Coating Evaluation 

A total of seven (7) commercially available protective coatings with reported corrosion resistance and application to high 

temperature systems as well as marine and acidic environments were tested. The characteristics and recommended utilization of 

each are summarized in Table 2.  

Table 2. Characteristics of protective coating samples used in this paper. 

 

Three (3) types of alloys were used as metal substrates, namely, R46 carbon steel, SS316 and K55. These were polished with 

increasing grades (i.e. 80, 400, 600, 1500) of SiC paper, sonicated in acetone and dried with N2 gas prior to coating application. 

Table 3 details the application method, base metal and effective test area utilized for each protective coating test samples.  The 

actual application method employed for brands B to E were dip coating in an attempt to produce a uniformly coated substrate 

because the equipments to be used for the recommended coating application method were unavailable at the time of the experiment. 

Table 3. Method of coating application used for Brands A to G. 

 

Low-pH geothermal brine fluids sampled from one of the acidic wells in the Greater Tongonan Geothermal Field (GTGF) in Leyte, 

Philippines were utilized as test media for the immersion trials in this paper. The brine from the acid well has pH≤3.5 at 25°C and is 

highly mineralized (Table 4). In actuality, it is also subjected to service temperatures ranging from 180°C to 300°C and service 

pressures spanning from ~0.8 MPag to 13 MPag. The laboratory immersion experiments for the protective coating test samples 
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were performed under three (3) conditions of temperatures and pressures to factor in actual operating environment of acidic 

geothermal fluids in GTGF (Table 5). Magnetic stirrers were placed inside the vials to incorporate flow dynamics in the immersion 

test. 

Table 4. Chemical composition of the geothermal brine used for testing (in ppm except for pH and T). 

 

Table 5. Immersion conditions used for the protective coating evaluation. 

 

2.1.2 Metal Alloy Evaluation 

Eight (8) variants of metal alloys were initially identified for evaluation on the bases of current or reported applications in the 

geothermal industry and of corrosion resistance properties. However, due to time constraints, only the first three metals on Table 6 

were experimented in this paper. These were cut into smaller dimensions, polished with increasing grades of SiC paper, sonicated 

in acetone and dried in N2 gas before being subjected to two (2) static immersion conditions in low-pH brine for a period of five (5) 

hours (Table 7). 

Table 6. Metal alloys with applications to geothermal industry. 

 

Table 7. Immersion conditions used for metal alloy evaluation. 

 

2.2 Laboratory Analyses 

All test specimens were analyzed before and after immersion in low-pH geothermal brine. The laboratory techniques used and the 

corresponding objectives are highlighted in Table 8.  
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Table 8. Analytical techniques used for performance evaluation of coatings and metal alloys. 

 

Baseline PPS and EIS runs were initially performed after the coated substrates were immersed into the acidic test media for ~3 

hours. Both PPS and EIS were conducted using platinum as the counter electrode, glass in Ag/AgCl(aq) solution as the reference 

electrode and the metal substrates / alloys as the working electrodes. A 1M  HCl  was used as electrolyte during the measurement. 

The EIS measurements were performed by applying an AC amplitude of 10mV and collecting data from the frequency range of 

0.1Hz to 1x106Hz using 7 points per decade. Conversely, the PPS measurements were conducted at a scan rate of 5mV/s and using 

the potential range of -0.2V to +0.2Vabout the OCP. 

Precipitates found suspended in the test media and adhering to the metal surfaces were filtered and dried. These were subjected to 

TGA and XPS for characterization. Surface morphology of the bare and coated metal alloys was also evaluated visually and 

through the use of a SEM. 

3. RESULTS AND DISCUSSION 

3.1 Protective Coating Evaluation 

3.1.1 R46 Metal Substrate 

The results of the EIS and PPS runs of bare R46 metal showed that this alloy cannot withstand corrosion when exposed to the 

acidic geothermal test media. Corrosion rates (CRs) obtained for the alloy at Rm. T and 70 °C test conditions were above the 0.12 

mm/yr acceptable CR limit used by the GTGF in Leyte (Tables 10 - 12) . The impedance spectra generated for bare R46 metal was 

also indicative of metal surface corrosion resulting to formation of corrosion products (Figure 1). However, the corrosion products 

did not seem to offer natural protection since the initially high CR of the alloy during the baseline run at Rm. T. was found to 

increase further at higher temperature and at longer exposure time. An added protection to the R46 metal must be employed if this 

alloy will be utilized for immersion conditions in acidic geothermal brine. 

EIS and PPS analysis of the coated R46 metal substrates indicated that Brands A, B, C, D and E had inhibitive or protective 

property against corrosion. Evidence to this was that the impedance spectra of all coating variants tested were capacitive in nature 

and plotted at higher Z values relative to the bare R46 metal substrate both at Rm. T and at 70 °C test conditions (Figure 1). After 

30 days exposure to acidic brine at Rm. T. and atmospheric P, Brand A manifested the least degradation while Brand E showed 

improved performance. The coating quality of Brands B, C, D and E deteriorated at 70 °C and even further at prolonged exposure. 

The protective properties of Brands A, B, C, D and E were also manifested in the PPS spectra obtained for these samples both at 

Rm. T and 70 °C test conditions (Figure 2). The spectra generally plotted within the area of lower corrosion potential relative to the 

bare R46 metal. In the case of Brand E, the shift of the PPS spectra from the region with lower Ecorr and higher Log I values to the 

area with higher Ecorr and lower Log I values indicated that its mode of protection was through the formation protective corrosion 

products. This mechanism was also demonstrated by Brand B but only at the higher temperature condition of 70 °C. Deterioration 

of coating performance as evidenced by the shift in the spectra to the lower Ecorr region was observed for Brands B, C and D after 

30 days exposure to acidic brine at Rm. T and atm. P condition and for Brands C and D after 7 days exposure to same acidic test 

media but at 70 °C and atm. P.   

The protective properties of the coating samples were quantified via calculation of protection efficiencies (PE) and CR (Table 10 – 

12). At Rm. T and atm. P condition, the PEs of Brands A to E were calculated to be above 85% even after 30 days exposure to the 

acidic test fluids. Highest PEs (~97%) were obtained for samples coated with Brands C and D while the smallest PE (~88%) was 

recorded for Brand A. Measured CR for all test variants were below the 0.12 mm/yr acceptable CR limit. Except for Brand D which 

generated 95% PE, low PEs (55-68%) were recorded for Brands B, C and E upon exposure to acidic geothermal brine at higher T 

of 70 °C and atm. P. Slight improvement in PEs were noticed after 7 days but these were all below 80% PE. Measured CRs for 

Brands B, C, D and E at this test condition breached the 0.12 mm/yr acceptable CR limit. 

Precipitates were found suspended in the acidic geothermal brine test solution after the coating immersion tests were performed. 

TGA identified these to be inorganic in nature (Figure 3). Further test by XPS revealed that O, Si, and C were the major elemental 

components with minimal concentration of some metals. The Fe detected in the precipitates may have come from the Fe 

components of the acidic geothermal brine test media or to a lesser extent from the underlying R46 metal substrate.    

SEM images (Figures 4 and 5) obtained for the coated substrates prior exposure to acidic geothermal brine test media revealed that 

coating application via the dip coating method resulted to coating defects such as wrinkling in the case of Brand C. Cratering or 

pinholing was likewise observed for Brand B which signified either thick application of coating or improper mixing of coating 

components. 
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3.1.2 SS316 Metal Substrate 

SS316 showed better resistance to corrosion in acidic geothermal brine as compared to the R46 metal alloy. Its impedance spectra 

relatively had a capacitive behavior and plotted within the higher Log Z values (Figure 6). Its PPS spectra also plotted within the 

higher Ecorr and lower Log I values common to samples with low corrosion rates and low corrosion potential (Figure 7). Measured 

CRs for the SS316 bare metal were below the 0.12 mm/yr acceptable CR limit and lower in comparison to that of the bare R46 

metal. However, an increase in measured CR was observed after 7 days exposure to geothermal acidic brine at 70 °C and atm P 

condition with no manifestation of likely formation of corrosion products detected in the impedance spectra (Tables 13 and 14). 

This meant that an added protection against corrosion must still be applied to ensure that SS316 can withstand prolonged exposure 

to acidic geothermal brine. 

 

 

 

Figure 1. Impedance spectra of bare and coated R46 metals substrates: (a) baseline after 3 hours 

immersion at Rm.T-atm. P condition; (b) after 30 days immersion at Rm. T-atm P condition; 

(c) baseline after 3 hours immersion at 70 deg C-atm. P conditionl (d) after 7 days immersion 

at 70 deg C-atm. P condition. 
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Figure 2. PPS spectra of bare and coated R46 metal substrates: (a) baseline after 3 hours immersion at 

Rm.T-atm. P condition; (b) after 30 days immersion at Rm. T-atm P condition; (c) baseline 

after 3 hours immersion at 70 deg C-atm. P conditionl (d) after 7 days immersion at 70 deg C-

atm. P condition. 

Table 9. Baseline PPS results of bare and coated R46 metal at Rm. T-atm. P.  

 

Table 10. PPS results of bare and coated R46 metal at Rm. T-atm. P. 
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Table 11. Baseline PPs results of bare and coated R46 metal at 70 °C-atm. P. 

 

Table 12. PPS results of bare and coated R46 metal at 70 °C-atm P. 

 

Only Brands F and G were applied to SS316 metal substrates among the seven (7) coating variants experimented in this paper. 

Results of the EIS and PPS runs on these two (2) coating brands indicated that both had protective or inhibitive property against 

corrosion in an acidic geothermal environment (Figures 6 and 7). Impedance spectra of Brands F and G demonstrated capacitive 

behavior with higher log Z values than the bare SS316 metal substrate both at Rm. T and 70 °C immersion conditions. The 

inhibitive property and the coating quality of Brand F and G were also maintained even after 1 month exposure to acidic 

geothermal brine at Rm. T condition.  However, a decline in protective property was noted after exposure to acidic geothermal 

brine at 70 °C and atm. P, especially after 7 days of immersion. 

The PPS spectra showed that both Brands F and G have lower to comparable resistance to bare SS316 metal upon initial contact 

with acidic geothermal brine at Rm. T and atm. P condition (Figure 7). The shift in the PPS spectra to the higher Ecorr and lower log 

I region after 30 days exposure to acidic brine at Rm. T meant that Brands F and G worked by acting as sacrificial anodes that 

undergo corrosion to form corrosion products that would protect the SS316 metal from further degradation. The PPS spectra of both 

Brands F and G stagnated in the region of Ecorr values ranging from -0.4 V to -0.02 V even after prolonged exposure to acidic 

geothermal brine at higher temperature of 70 °C which was just comparable to the performance of bare SS316 metal. 

 

Figure 3. TGA results of precipitates found suspended in the acidic geothermal brine at 70 deg C-atm. 

P condition where bare and coated R46 metal substrate were exposed. 
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Figure 4. SEM images at 2000X magnification (20μm scale) of bare R46 and coated R46 substrates 

before exposure to acidic geothermal brine. 

 

Figure 5. SEM images at 2000X magnification (20μm scale) of bare R46 and coated R46 substrates (a) 

after 30 days exposure to acidic geothermal brine Rm. T-atm. P; (b) after 7 days exposure to 

acidic geothermal brine at 70 °C-atm. P. 

 

The measured CRs for SS316 substrate coated with Brands F and G were below the 0.12 mm/y acceptable CR and lower than those 

obtained for Brands A, B, C, D and E. Calculated PEs for Brand G were low (~40 to 50%) after prolonged exposure to acidic brine 

both at Rm. T and 70 °C (Tables 13 and 14). Higher PEs (>85%) were calculated for Brand F, both at Rm. T and 70 °C test 

conditions, but a noticeable drop in PE was observed after prolonged exposure to the acidic test media. Brand F was further 

exposed to acidic geothermal brine at HTHP conditions to evaluate if its high PE will be sustained. However, after 5 hours 

exposure to brine at 250 °C and 3.97 MPa, the capacitive behavior of the impedance spectra was no longer observed and PPS 

spectra shifted to the higher corrosion potential region (Figure 10). The calculate PE also dropped to ~36% (Figure 11). 

Suspended particles were not found in the test solutions where the SS316 metal coated with Brand F and G were immersed.  SEM 

images of Brand F coated substrates after exposure to low-pH brine at 70 °C and 250 °C revealed comparable surface morphology 

to bare SS316 metal (Figure 8 and 12). However, surface cracking was note for Brand F coated substrate exposed to acidic brine at 

Rm. T condition for 30 days. 
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Figure 6. Impedance spectra of bare and coated SS316 metals substrates: (a) baseline after 3 hours 

immersion at Rm.T-atm. P condition; (b) after 30 days immersion at Rm. T-atm P condition; (c) 

baseline after 3 hours immersion at 70 deg C-atm. P conditional (d) after 7 days immersion at 

70 deg C-atm. P condition. 

 

 

Figure 7. PPS spectra of bare and coated SS316 metals substrates: (a) baseline after 3 hours immersion 

at Rm.T-atm. P condition; (b) after 30 days immersion at Rm. T-atm P condition; (c) baseline 

after 3 hours immersion at 70 deg C-atm. P conditional (d) after 7 days immersion at 70 deg C-

atm. P condition. 
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Table 13. PPS results of bare and coated SS316 metal at Rm. T-atm. P. 

 

Table 14. PPS results of bare and coated SS316 metal at 70 deg.C-atm. P. 

 

 

 

Figure 8. SEM images at 2000 magnification (20μm scale) of bare and coated SS316 metal substrates. 

 

3.1.3 K55 Metal Substrate 

The K55 metal substrate was coated using only Brand A and was tested only in acidic geothermal brine at HTHP condition. 

Impedance spectra obtained for the sample showed limited protective property for Brand A at HTHP condition. Baseline impedance 

spectra (~3 hours exposure to HTHP condition) barely showed capacitive behavior but plotted along high Log Z values than bare 

K55 metal. The protective property of Brand A at HTHP condition was also manifested in the shift of the PPS spectra for Brand A 

to higher Ecorr and lower Log I values (Figure 9). Measured CR for Brand A coated K55 metal was lower than that obtained for bare 
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K55 metal alloy but calculated PE was only 67.7%. Impedance spectra after 5 hours exposure to HTHP condition showed 

significant deterioration in Brand A’s coating quality. This was validated by SEM images wherein portions of the coating appeared 

to have reacted with the acidic geothermal brine test media thereby giving it a cracked like texture. 

 

Figure 9. PPS results of bare and coated K55 metal substrate after exposure to acidic brine at HTHP. 

 

Figure 10. EIS spectra of Brand F after immersion in acidic geothermal brine at different temperatures. 
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Figure 11. PPS results of Brand F after immersion in acidic geothermal brine at different temperatures. 

 

 

Figure 12. SEM images at 2000X magnification (20μm scale) for Brand F. 

 

3.2 Metal Alloys Evaluation 

Only three (3) types of metal alloys (SS316, K55 and A53 Grade B) were experimented in this paper. Results of the gravimetric 

analysis (Table 15) showed metal loss for SS316 alloy after exposure to acidic geothermal brine both at Rm. T-atm. P and HTHP 

conditions which was indicative of an active corrosion process. The measured CR of SS316 alloy increased significantly from 

0.012 mm/yr to 0.617 mm/yr upon exposure to HTHP condition. Consequently, metal gains observed for K55 and A53 Grade B 

alloys suggested the formation of scales on the metal surface, likely by-products of a corrosion process. CRs of these two (2) alloys 

also increased after exposure to HTHP condition. 

Table 15. Results of Gravimetric analyses for SS316, K55 and A53 Gr. B after exposure to acidic geothermal brine. 

 

The impedance spectra of SS316 alloy after exposure to Rm. T-atm. P condition showed capacitive behavior and plotted at higher 

Log Z values compared to the K55 and A53 Gr. B metals (Figure 13). However, this was not sustained at HTHP condition as the 

Immersion 

Condition

Alloy Mass 

Before 

Immersion 

(g)

Mass      

After 

Immersion 

(g)

Metal 

Loss           

(g)

Density 

(g/cm2)

Area 

(cm2)

Exposure 

Time 

(hrs)

Corrosion 

Rate 

(mm/yr)

SS316 9.9190 9.9189 +0.0001 7.85 11.8 5 +0.0126

A53 GrB 4.0526 4.0571 -0.0044 7.87 7.26 5 -1.3579

K55 3.9250 3.9321 -0.0072 7.86 7.26 5 -2.1978

SS316 9.8762 9.8729 +0.0033 7.85 11.8 5 +0.6172

A53 GrB 4.1653 4.1664 -0.0011 7.87 7.26 5 -0.3369

K55 3.9238 3.9242 -0.0004 7.86 7.26 5 -0.1124

(I) Room Temp., 

atm P

(II) T = 250oC,         

P = 3.97 Mpa
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spectra shifted to lower Log Z values suggestive of surface degradation. The impedance spectra of K55 and A53 Gr. B alloys at 

HTHP condition plotted at higher Log Z values indicative of enhanced surface protection. 

 

Figure 13. Impedance spectra of SS316, K55 and A53 Gr. B alloys after exposure to acidic geothermal brine. 

 

 

Figure 14. PPs results of SS316, K55 and A53 Gr. B alloys after exposure to acidic geothermal brine. 

The PPS spectra of all three (3) alloys after exposure to HTHP condition showed a shift towards the lower Ecorr values relative to 

those spectra obtained after exposure to Rm. T-atm. P condition (Figure 14). However, measured CR for SS316 alloy still increased 

at HTHP because its spectra at 250 °C plotted towards a higher Icorr value. The K55 and A53 Gr. B alloys performed better at 

HTHP condition since these generated spectra that plotted towards lower Icorr and higher Ecorr relative to Rm. T. condition. The 

values obtained for the Tafel constants of these two (2) alloys indicated that at HTHP, corrosion is controlled by the increase in 

anodic reaction and a decrease in cathodic reaction. Although an increase in CRs was noted for K55 and A53 Gr. B alloys at HTHP, 

the increase in SS316 CR was still more substantial. 

Reddish brown precipitates were found suspended in the acidic geothermal brine test media where the three (3) alloys were 

immersed at 250 °C and 3.7 MPag for ~5 hours. XPS analysis identified these precipitates to be composed of O, Si, Cl, and C with 

traces of Fe and Ca. These are elemental components of oxides, silica, inorganic salts and carbonates that are usually found as scale 

components in geothermal pipe lines. Visual inspection of the metal alloys revealed the presence of brownish –black scale deposits 

on the surface of A53GrB and K55 metal alloys after exposure to acidic brine at Rm. T. which were also observed at HTHP 

environment. XPS analysis of the metal surfaces also indicated the presence of O, Si and Cl (Figure 15). SEM analyses of the 

SS316 alloy showed minimal corrosion damage at Rm. T-atm P but with minute amount of precipitates at HTHP (Figure 16). SEM 

images of both K55 and A53GrB alloys exhibited presence of precipitates on the surface after exposure to acidic brine at Rm. T and 

HTHP conditions (Figure 17 and 18). These appeared to have limited adherence and showed a rough, irregular, porous morphology 

with finer grains at HTHP. This meant that the corrosion products formed on the surface were not sufficient barriers to prevent 

metal contact with the corrosive acidic geothermal brine. 
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Figure 15. XPS results of adherent precipitates on the surface of SS316, K55 and A53 gr. B alloys after exposure to acidic 

geothermal brine. 

 

 

Figure 16. SEM images (20μm scale) of SS316 metal at 150X (top) and 2000X (bottom) magnifications 

before and after exposure to acidic geothermal brine. 
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Figure 17. SEM images (20μm scale) of A53 Gr. B metal at 150X (top) and 2000X (bottom) 

magnifications before and after exposure to acidic geothermal brine. 

 

 

Figure 18. SEM images (20μm scale) of K55 metal at 150X (top) and 2000X (bottom) magnifications 

before and after exposure to acidic geothermal brine. 

 

4. CONCLUSION 

The following conclusions can be said on the performance of the coating and metal alloys tested in this paper: 

(1) Brands A, B, C, D, E, F and G have protective properties and can potentially be applied to immersion conditions in acidic 

geothermal brine at Rm. T-atm. P condition. If utilized, life span may be limited and utilization may induce deposition of 

silica,oxides and inorganic salts inside the pipelines. 

(2) Only Brand F has the potential utilization for immersion conditions at relatively higher service temperature of 70 deg C. 

However, life span may be limited as it is expected to deteriorate through time and continued use may result to deposition 

of silica, inorganic salts and oxides along the pipe lines. 

(3) Dip coating is not a suitable method for application of Brands B, C, D and E as this will result to coating defects such as 

wrinkling and pinholing. Recommended application technique in the MSDS must be followed. 

(4) SS316 metal alloy is less favored for use as casing material for acidic wellbores because it will result to high corrosion 

rates. The minute precipitates formed during its exposure to HTHP condition did not seem to offer further corrosion 

protection. 

(5) Corrosion rates of SS316, K55 and A53GrB were found to increase with temperature. This suggests that CR may further 

increase if exposure period to HTHP condition is prolonged.  

(6) K55 and A53 Gr. B alloys are more suitable casing materials for use at HTHP condition in wells discharging acidic 

geothermal brine. However, the corrosion products formed on the surface of these alloys will only act as temporary 

protection as these are relatively porous in nature. 
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